ABSTRACT. In this study, we investigated whether cap-procedures can have ethical and practical limitations, particularly illary plasma catecholamines can be used as a suitable in healthy infants. The aim of this study was to investigate substitute for arterial catecholamines. Analysis was done whether the use of capillary plasma CAT can be an alternative. radioenzymatically. Catecholamine concentrations were not different in arterial and simultaneously collected "ar- Group 1. For comparison of "arterialized" capillary with arteHowever, "arterialization" of capillary blood is important; rial CAT concentrations, two blood samples were taken simulwhen blood was obtained in nine neonates without warming taneously by heel prick from the hyperemic (warmed) foot and their feet, capillary concentrations of noradrenaline were from an indwelling umbilical arterial catheter in 18 infants (five higher than arterial values (p < 0.03) and those of adren-girls, 13 boys) between d 1 and 14 (mean 5.5 d) after birth aline were not different from arterial values. Catecholamine (average gestational age, 35 wk). Their birth weights ranged from concentrations in arterialized capillary plasma collected in 1240 to 4230 g (mean, 2423 g); five were full-term and 13 were healthy full-term infants at 1 h [n = 9; noradrenaline: 6.85 preterm babies. well-known fall ( p < 0.01) in catecholamine levels after from an indwelling umbilical arterial catheter in nine infants delivery. With a highly sensitive analytical technique, cate-(four girls, five boys) between d 1 and 13 (mean 3.3 d) after birth cholamine concentrations can reliably be assessed in mi-(average gestational age, 35 wk); their birth weights ranged from nute samples (100-200 pL) of arterialized capillary blood, 980 to 4730 g (mean, 238 1 g); three were full-term and six were even when concentrations have dropped to low "resting" preterm babies. basal levels. Moreover, the capillary sampling procedure Healthy neonates. Arterialized capillary blood (warmed foot) is simple and safe, can easily be applied to healthy infants, was obtained by heel prick from two groups of apparently and does not have the practical and ethical limitations of healthy, full-term infants, when capillary puncture was done for arterial blood sampling. (Pediatr Res 31: 579-582, 1992) routine medical purposes. All 27 newborns had uneventful neonatal periods; birth weights were 3334 + 294 g (mean +. SD).
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Abbreviations
Two groups were studied. Group 3. Eighteen infants (nine girls, nine boys) were studied CAT, catecholamine on approximately their 5th d of life. A, adrenaline Group 4. Nine infants (two girls, seven boys) born during the NA, noradrenaline daytime by uncomplicated deliveries (five vaginally and four by cesarean section) with Apgar scores of 10 at 10 min were studied at 1 h after birth and approximately d 5 (4-6) after birth. The study protocols had been approved by the ethical comPlasma CAT are successfully used to study the stressful peri-mittee of the medical faculty and parental consent was obtained.
natal adaptation of infants. Both very high levels of circulating 'pecimens for CAT determination were cO1-CAT and easy access to blood (1-16) facilitate investigation at lected before the routine blood samples, and care was taken to this stage, Under normal circumstances, these advantages no conduct arterial and capillary longer exist soon after birth when specimens have to be collected hemolytic samples ( n = 5) were rejected, but four heinvasively from an artery or a vein ( l , 2 , 5,6, 17); these sampling molytic specimens were analyzed (1 8 water for about 5 min before sampling. Arterial blood (300-500 580 BAUMGARTNER ET AL pL) was collected, giving consideration to catheter dead space. Blood samples were transferred immediately to polyethylene tubes (CB-1000, Li-heparinate; Sarstedt Inc., Niimbrecht, Germany), kept on ice and centrifuged within 30 min at 4°C for 5 min. Plasma was deproteinized by adding an equal volume of 0,6 N perchloric acid containing 0.2% EGTA and 0.02% MgC12. 6 H 2 0 (19). Deproteinized samples were kept at -20°C. Analysis. Catecholamines in arterial, capillary, and control plasma samples were determined by a previously described (20) radioenzymatic method with the following modifications: only 25 pL of deproteinized plasma were used; 5 pCi S-adenosylmethionine-3H of a high radioactive concentration were added in 5 pL of volume [Amersham TRK 865 (Amersham Int. plc, Buckinghamshire, UK); 1 mCi/mL].
Samples were assayed in duplicate, and CAT [NA, 29 fM; A, 27 fM; dopamine, 32 fM (5 pg each)] were added to a third sample aliquot as internal standard [control plasma, duplicate plus two internal standards (5 and 10 pg)]. Precision was about lo%, variability 15%, and detection limit about 3 fM (>0.5 pg) per sample tube for NA and A as assessed with a control plasma obtained from pooled peripheral venous blood of adults (NA, 1.57 nmol/L; A, 0.37 nmol/L). Reproducibility with arterial as well as capillary samples was estimated over the concentration range of group 1 (Table 1, Statistical analysis. Linear regression analysis with 95% confidence interval for the fitted regression line, Pearson product moment coeficient, Wilcoxon's matched-pairs signed rank test, Kendall rank correlation coefficient, Mann-Whitney U-test, mean + SEM, and mean k SD were used.
RESULTS
Group I: Arterialized Capillary Versus Arterial Plasma CAT. A and NA concentrations in arterialized capillary blood were not different from those in arterial blood as assessed by linear regression analysis (Fig. 1 , Table I ) and by a Wilcoxon test (Table 1) . Omission of hemolytic samples (n = 2) had no significant influence on these results (Table 1 . footnote). In these patients, blood pressure [mean (range)] was 69 mm Hg (47-94) systolic and 43 mm Hg (24-79) diastolic, heart rate was 145 bpm (80-170), arterial pH was 7.4 (7.32-7.57), Poz was 68 mm Hg (54-107) [9] [10] [11] [12] [13] [14] ], and PCO? was 40 mm Hg (24-54) [5] [6] [7] ]. There was no difference in these parameters between those patients who cried during the sampling procedure (n = Figure 2 (left panel), were 1.56 nmol/L (0.89-2.97) for NA and 0.61 nmol/L (0.38-1.09) for A. Capillary plasma catecholamines were not different between the sexes or between those babies who cried during blood sampling (n = 10) and those who did not (n = 7; no information was obtained in one case).
Group 4. As shown in Figure 2 (right panel), capillary plasma CAT levels in group 4 are much higher at 1 h after birth than 
DISCUSSION
Our results show that there is no difference between the CAT concentrations in arterial blood and capillary blood from the hyperemic heel (Fig. 1, Table 1 ) in newborns. This agrees with recent findings in adults, where we could show that capillary blood from hyperemic earlobe and nonhyperemic fingertip resembles arterial blood in its CAT content (20) . Moreover, significant correlations exist between arterial as well as capillary CAT and heart rate, Pco?, pH, weight, and gestational and postpartal age; thus, capillary A and NA can be used as a substitute for arterial CAT in newborns. However, in contrast to adults, hyperemization is apparently more critical in infants, at least for NA. Although A values were not affected considerably, NA levels were much higher in nonhyperemic capillary than in arterial blood (Table 1) . Therefore, proper arterialization is a necessary precondition for using the capillary CAT technique correctly in infants. This limits the method to stable cardiovascular conditions. Poor peripheral blood flow preventing arterialization, e.g. due to a state of circulatory centralization, will make results unreliable, a restriction that certainly will also apply for the use of arterialized venous blood (6) . The question of how to deal with hemolytic specimens is in~portant because red cells contain catechol-0-methyl-transfer-
ase (21) . However, it has been shown that hemolysis does not influence CAT determination with a single isotope radioenzymatic method (18) and with an HPLC procedure (22); the disturbance of a double isotope techn~que (23) might have been due to pecul~arities of this particular method (24) . In our procedure, both cooling and the presence of plasma calc~um (25, 26) will inhibit catechol-0-methyl-transferase before its removal by acid precipitation dunng sample preparation (19 have adopted the precautionary and somewhat arbitrary practice of processing only "slightly" hemolytic samples.
The well-known fall in circulating CAT after delivery (I, 2, 5, 0.05), but higher heart rates (160 versus 14 1 bpm; p < 0.0 1). and capillary NA ( p < 0.00 1) and A ( p < 0.0 1) levels than the other patients in group 1. Thus, although some preterm babies did mount a substantial, predominantly noradrenergic, stress response indicating postnatal challenge, sympatho-adrenomedullary activity was not increased in most of these term and preterm intensive care patients. The significant correlations found for group 1 between CAT and gestational age, weight, pH, Pco2. and heart rate rests on the inclusion of the high NA subgroup of preterm babies.
The modalities of blood sampling for CAT analysis may vary considerably during the early stages of life. The enormous CAT surge of "the stress of being born" has been estimated on scalp blood during labor (15) and assessed on umbilical artery blood ( 1 -14). After delivery, arterial or venous blood is the usual source. Both sampling methods, however, have ethical and practical limitations (1, 17), particularly in healthy infants and when intended for research purposes exclusively. Parental consent to collect a few drops of capillary blood can easily be obtained under these circumstances, especially when puncture is required for routine medical or public health purposes, as was the case in our healthy infants. Using capillary plasma CAT can thus be a convenient and reliable way to assess sympatho-adrenomedullary activity in infants during perinatal adaptation ( I , 2, 5, 16), as well as during later stages of development (2, 17) .
